SOCiCS:  «aec  fisrezaect  or  otb«r  droflags,  fpeci- 
flcatloos  or  other  dat*  ape  used  for  any  puz^ose 
other  Ia  cosaectloa  vlth  «  den&itely  related 
gOfTcrraent  psiocureaeat  opezetloc,  the  U.  S, 
Goyerc»i.t  thereby  laeurs  no  »apOQ»lbtlity,  eor  eay 
obli^tioo  whatsoever;  aad  the  fhct  that  the  Qovers* 
seat  aay  hare  fozKilatedf  f^arolshedf  or  la  mjr  way 
supplied  the  said  drswlPT*;  eyeetflcatiosa,  or  ether 
data  Is  aot  to  be  regarded  by  isplicatlca  o**  other- 
vise  ax  Ih  asy  sszaer  llceuaisg  the  bolder  or  asy 
other  persco  or  coryoratlco,  or  cccveylag  ri^ts 
or  pezBlssich  to  BBSufseture,  use  or  sell  asy 
patefltrd  larentico  that  cay  ia  any  vay  be  related 


Woods  Hole  Oeesao$rsphlc  tostlcucloe 
Woods  Bole,  Kassecbusects 


la  eUins  tbis  report  la  s  bioliogrephy ,  the 
reference  should  be  followed  by  the  phrese 
U:SFUELISEZO  KASUSOUPT,  which  Is  is  eecordeace 
with  blbllogrephlc  prectice. 
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TSLCKSingLiKc;  ojsBsxr  ism 


7b<  teleaetry  cf  ocefisogrcphic  ^t«  hu  recelv«d  ouch  «itcnclon  of 
IfiCe  u  tcchalqaef  ssd  equlpeest  have  b«cost  rv«llable«  Kost  of  >.1»  tsttntior 
h«s  b«e9  directed  toverd  general  prlnclplea,  bovcver,  vith  little  oeatloo  of 
syatea  detells*  Hoch  of  the  e^lrscat  which  has  been  developed  is  ocher  fields 
is  appliceble  hers  but  tnere  are  sose  fectors  that  are  unique  to  oceaaogrephy. 
Aaosg  these  are  -  a  highly  coirosive  esvirocaent,  eztrcsely  high  pressures 
at  soae  transducer  locations  and  the  necessity  for  transaltting  data  along  a 
road  which  Bu»t  also  serve  as  a  aoorlng.  The  latter  problcs  is  treated  in  detal 
is  another  report,  but  it  abould  be  noted  here  that  it  la  generally  desirable 
to  place  the  power  required  by  a  transducer  at  the  transducer  location  for  the 
practical  reason  chat  power  transsisaion  o««t  two  eilea  of  wire  iw  excrenely 
inefficient. 

The  acasuresent  of  ocean  curreata  becoaes  coch  wore  feasible  when  a 
seai*pcx3anect  station  can  be  set  out  In  the  desired  area  and  interrogated  fron 
shore  when  pbenonena  of  interest  arc  expected  to  occur.  One  oay  ksov  lose  ttal 
whether  or  not  the  syates  is  operating  correctly  and  if  the  pbenosenon  it  preset 
Is  this  vty  the  current  waters  need  not  be  worked  continuously  hut  only  when 
eoaething  of  interest  is  taking  place.  And  shxild  the  noorieg  be  lost  the 
acccBulated  data  is  net  lost  with  it. 

Ths  current  neter  described  in  this  article  Is  s  direct  descendant  of 
line  of  current  aeters  dweloped,  tested,  and  used  over  the  past  2  1/2  years 
by  I>r.  V.  S.  lichsrdson  sc  Woods  Bola  Oceanographic  Institution,  because  the 
requircaents  for  osca  teleactry  are  entirely  aitf crest  fres  those  cf  dsts  storsj 


cbs  tcterssi  voricicss  of  the  telfoeteri&g  inscruaeac  ere  quite  dlfferest  tzoa 
ci!oe«  of  ttia  recordia;  ls3C7V=ect».  The  transducer  systess  icospees,  /eae  end 
rotor  ftssesblles),  bovever,  ere  elcott  identlcel.  Adventege  ve>  taken,  vfaerevcr 
^esible,  of  bousing  end  construction  techniques  end  co=9onents  developed  by 
Dr.  aicberdson.  Therefore  the  only  "debugging**  required  in  tne  ays  tea  was 
related  to  the  electronics  in  the  cu  rent  aeter,  the  calibrate  o  of  the 
transducers  having  been  conpletely  %iorked  out.  The  lUchardson  current  aetec 
ir  iescribeo  in  W99I  Reference  Kb.  62-6.  Figure  12  ahovs  the  Savonius  rotor 
calibration. 

The  current  aeter,  itself  Is  shovn  in  Figure  I  with  co^onents  of 
the  various  bays  indicated.  Figure  2  is  the  circuit  diagren.  The  current  aeters 
are  olacod  iu  a  ooorit^,  cither  on  conducting  cable  or  polypropylene  rope 
fitted  vith  conductors.  Alternatively  the  current  aeter  cay  be  used  aboard 
ship  by  lovering  to  desired  depth  on  conducting  line.  Zo  the  latter  case  one 
would  put  the  electrical  output  of  the  current  ^rers  directly  on  a  strip  chart 
recorder  such  as  a  portable  Sanborn.  When  the  current  aeters  are  used  In  a 
Booriftg  the  electrical  output  Is  fed  tv  *bc  input  circuitry  aboard  the  buoy 
and  transaltted  to  shore. 

As  in  the  Riihardson  octer  the  speed  is  detersioed  by  the  nuaber  of 
revolutions  per  unit  else  of  a  Savontus  rotor.  The  Inforaatlon  is  coupled 
ebrengb  the  aluxinua  end  cap  by  aeans  of  two  strong,  teflon  coated,  her  aagnets 
(such  as  those  used  for  stirring  by  cbesiscs)  which  drive  a  negnetU  loior 
follower.  The  rotor  failover  is  sbowr.  is  Figure  3.  The  follower  eatnets 
ore  af filed  to  one  end  of  an  alunlnua  cylinder  which  rides  on  carbide  and 
sapphire  besringt.  A  saall  light  bulb  Is  plar^d  Inside  the  cylinder  at  the 

i 

I 


t 
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top  end  tt&d  the  photrsn  looks  through  •  hole  Ic  the  rotor  follover  esse. 

When  this  bole  Uses  up  vitb  s  hole  Is  the  rotating  •lusleua  cylinder  the 
photrsn  ''sees*'  the  light  bulb  end  puts  out  e  pulse*  These  pulses  ere  stored 
in  e  seven  level  "flip  flop^  counter  until  reed  out.  Figure  A  sbovs  the  rotor 
follover  end  essccieted  circuitry  end  Figure  S  shove  the  flip»flop  board. 

The  current  direction  is  detereiaed  fres  the  difference  beeweea  the 
positions  of  s  segnetic  cospess,  which  registers  the  orientation  of  Che 
instrusent  bousing  end  e  vene  which  gives  the  bearing  of  the  current  relative 
to  the  bousing*  Both  the  segaecic  coopess  end  aegneticelly  couolcd  vene 
follower  drive  seven  level  Grey  binary  disce.  Tne  position  of  these  discs 
is  detersined  in  each  unit  by  e  redial  line  of  seven  light  pipes"  which  look 
through  Che  disc  at  a  flesh  cube  xouated  inside  units  end  activate  photr^is 
when  they  see  light.  The  phorresj  (/even  **tch  rix  sad  vene  follower) 

ere  FK?H  light  triggered  svitebes  which  (lik*  uXl  rwitehes)  htvt  ea 
inbereat  binary  nenory.  They  ere  coooected  in  the  circuit  as  shown  in  Figure  2 
so  that  if  their  particular  chesael  in  the  Cray  binarv  disc  is  clear  they  s«c 
ll$h:  jeai  trigger  giving  ea  output  signal  of  plus  7.5  votta.  If  the  Grey  disc 
shows  black  thi»  particular  pbotran  output  is  »««ius  7.<  volte*  A  typical 
coded  disc  la  ehs^  la  Flgsre  10.  The  flip-flops  are  povered  In  e  einllat 
n^nfler  giving  either  pVua  sinus  outputs  so  that  at  no  tive  is  a  earo  iignal 
used  to  eoavvy  vSif’'n«ction  •  plus  signals  ccen  binary  teras  cad  olnus  signals 
aeca  biaaty  Xtjvrt  6  ahoirs  the  coopasa  and  Figure  7  the  vane  follover. 

A*  eV  (jit-i  bits  ace  fed  in  proper  order  to  the  scan  switch  shown 
in  Figures  8  end  $.  This  unit  alio  coetsint  rhe  cans  and  aicroswlubes  which 
ccncrol  the  f^trsn  circuit  pove: ,  the  flash  tube  trigger  circuit  drive  aotor 
pever  and  Shockley  power.  The  syacca  operates  as  follows: 


1.  laterru^Ce  b'uoy  fma  «»hor«  base«^  er«acalicer  (tsomsl  9r  autasatic) 

Buoy  «ut054tic«Ily  pro^r^  of  cycl«. 

2.  Btsoy  9ca<U  &  >24  volt  O.C^  sl^sdl  tbe  line  to  all  current  eetert  in 

the  aoortfis  (currenl  scteri  are  electrically  parallel  •  sechanleally  lo 
series.  TVs  of  cw^iert  oeters  i»  tirXted  only  by  practical  coo- 

aiseratioos). 

3*  Tbe  >24  VDC  signal  trigsers  the  SbocMey  dlo4ft  Sh  2  is  the  lozkav  circuit 
activating  Py  1  vhlch  in  turn  activates  By  2.  this  relay  sullies  the 
pc%rer  (3  vsltagea)  end  aiojlcazccnisly ,  s  reset  pulae  to  iht  Uan^TS  IKardes 
flip  flop  CFF)  board  so  that  the  rotor  cousta  cjy  be  atored. 

4.  The  -24  VDC  aignal  alao  ert^j'-ra  the  traxxaUtor  avitch  TB  t  in  cbe  rotor 
lite  circuit  ao  that  the  rotor  rerolutiona  are  aeea  b^  the  FF  trit*tT  photran 
Ffa  1  aa  lite  pulaca  through  e  aagnctically  coupled  Ilte  cbopper*  As  the 
Scvoniua  rotor  aplna  the  lite  pulaea  arc  converted  by  Fh  I  to  electrical  pulaca 
uhich  atore  is  the  FT  board  via  a  Scharitt  trlsger.  The  FT  board  contais^ 
aevea  flip  flops  alloving  a  naxirs^  count  of  127  pulaea.  Separate  Bagaetic 
lite  choppers  have  been  Bade  that  supply  froa  6  pulaea  per  rotor  revolution 

to  I  pulse  per  10  rotor  rcvolctiont  ao  that  the  total  couota  in  the  count 
interval  say  be  tsade  to  fall  in  a  range  consistent  with  efficient  uas  of  the 
counting  circuit. 

5.  The  *24  VDC  signal  is  chrotoBCtrically  controlled  to  give  an  accurate  count 
interval.  This  interval  uojld  typically  fall  in  a  range  fn»  10  to  90 
oeeoeda  using  appropriate  lite  chopper  coupling. 


6.  Vhn  Che  -24  VDC  1.  tuined  o£r  lae  treMi.tor  .wUch  xn  the  ro:cr  ilt, 

clrcuU  excc.Bjul.bee  Che  rctor  Ute  by  cutting  off  («wtr  to  r:, 

Shockley  diode  Sh^,  fcovev.r  renaint  conducting  due  to  xt.  binery  ueucry 
which  ceu...  rel.y  ^ 

the  .cored  rotor  count,  via  he  w.tl.bie  for  rudcut.  Oj,ci«lon.  2 
thr&ggU  S  occur  »iauU«aeoufiy  in  mxI  current  <»ecer4. 

7.  Suoy  cow  begin,  to  Interrog.te  «ch  current  oeter  Indlvlax-.Uy.  Eect 
current  «t.r  1.  ergxipp.d  with  .  re.onenc,  reed  reUy  tuned  to  e  .p.crf.c 
fre-^ency.  A  precl.ely  tuned  12  V  rudi,  ton*  x,  .npr.,„,  „  ^he  Une 
which  «ttv.t..  the  r.«>nA=ce  re«l  r.ley  Rj^  through  £  end  IM  vi,  t,e  «« 
P0.U10=  of  the  SCAR  SVITCE.  After  .  .hurt  deley  d.temined  by  tn.  v.ae 

=  f  «  «ul  RIJ  the  .r«M:.tor  IW  ccrocct.  .ctlvetxrr,  Rj^.  n,. 
of  Ji_4.  when  clooed  f*:e  -7.5  volt,  on  t-.  «tor  lOl  which  drive,  xt 
c«  xr.  ho.,  to.lt, on.  the  length  ol  th*  euo.o  ton.  :r  controlled  .c  thAt 
..  Che  «tor  toe,  off  ho=«  po.xtxon  the  euoxc  ton,  i.  .topped  ,o  thee  rh, 
line  will  be  ti.er  for  tcnduttl-xt  t-e  dec.  hit.  froe  the  .ceo  nrttch.  «cv 
•..et  ..  Che  noror  drive.  ...  .c«>  .vice  c'f  it.  hc«  po.x.xon  u  cxc... 
the  n;-.ro..wstth  SI  vx.  .  ten  .ffi„d  Co  the  cotor  ,t.f:.  r=;,  ,v:c-.  ,ut, 

the  -7.5  volt,  directly  on  the  boco,  .nd  ton.ln.  cio.ed  untxl  t.,  .c.nr.n, 

1.  cecpleee  when  it  op,=,  tc  .  cp  the  .c.n  n,xtrh  on  it.  hc^  pct.on. 

8.  Fctlon.  I  through  A  of  t.,  ,c.n  .wx.ch  el.rt  pu1„.  .nd  ere  cocked 

8.rettl  to  the  .7.5  volt  ,„ep.y.  Pn..txon.  5  through  o  .re  code  oo.itxur.. 
weed  to  Id^xtiiy  the  p.rt.cul.r  current  «:er.  Ihe.e  four  hit.  .Low 
of  up  to  16  Cwrreot  «t,r.  in  on,  noerln*  .:chovh  -epct.tlon  of  cod.  ..rd,. 


Tbe  code  bice  ere  vtrcd  directly  to  Che  plus  tod/or  oinus  7*5  vole 
euppliee  depcsdt'sg  upon  cbe  code  uord  desired*  While  Che  scan  tvicca 
it  tctnnlsg  poticiont  I  chroush  8  the  aoCor  thtfe  cess  1)  turn  on  the 
phocrer.  povor  and  2}  trigger  Che  fleth  cubes  cod  V2  locking  the 
vene  cda  rotor  follover  oriexiCcCton  in  rbe  pfaotren  ocaory  circuit* 

9*  The  teen  tvicch  cocCimies  iCt  one  revolution  picking  off  the  7  flip  flop 
cutpuct  iriiich  yields  t  7  bit  strclght  binary  nur^r  proportioosl  to 
current  speed  cod  che  7  cospess  bits  cad  fixully  cbe  7  vcoc  follover 
bits*  The  7  veae  bits  when  coopcr&d  to  the  7  cosposs  bics  yield  the 
ccgnetlc  sec  of  the  current.  Tktso  lest  two  7  bit  nu^ers  are  in  Gray 
binary  <nd  be  w^rei  as  Grey  directly  or  ccnr.erted  iodividuallT 
CO  streigb:  oii«.‘*ry,  declMS  binary  or  nagneclc  or  true  bearing  and  then 
cohered. 

10*  After  reading  the  32ttd  blc  the  phot ran  pooer  aicroavlccb  is  turned  off 
and  a  feurth  dcrosvlcch  acmentarllT  opens  the  lockup  circuit  resecting 
the  Shockley  diode  Sh  2. 

11*  The  scan  switch  returns  to  *hoas*'  ax>d  tbo  cotor  nicrosvieeb  Sj  opens 
stopping  the  scan  tvicch  on  hose  and  returning  the  current  twter  to  its 
standby  position.  This  standby  position  of  the  current  octer  requires 
only  2  cops  of  current  froo  the  contained  supply. 

12*  The  buoy  circuitry  then  reposts  steps  7  through  11  for  the  current  eeters 
refining  in  cLa  line.  The  tine  required  for  each  Interrogation  ie 
ayproxnisetaly  10  seconds.  Renee,  Cbe  entire  Incerrogecion  cisa  for  s 
string  of  10  current  eeters  would  bo  IS  seconds  -a  10  z  10  seconds  •  115  seconds. 
The  prograa  asy  tl«n  be  repeated  in  its  entirety  or  the  buoy  tad  current 
aeters  say  be  left  on  standby  until  further  inforBstlon  Is  uesired. 
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The  current  ssters  ere  provided  vlth  esoueb  better/  pover  to 
operate  (to  1.2  volte/cell  end  point)  occe  per  hour  for  I  /ear.  The  etendb/ 
life  of  the  s/stcaa  it  equivalent  to  the  shelf  life  of  the  batteries , 

Foraat 

The  f requeue/  shift  kevins  (FSK)  eetbod  vas  chosen  for  its  abilit/ 
to  transalt  information  over  tocher  distances  with  less  chance  of  noise  inter* 
ference.  The  coding  s/sto  chosen  vas  pulse  duration  sodulatlon  (FOK)  so  that 
7  bit  binary  curare  could  be  tranaaitted  tn  such  a  way  to  give  a  quadrupally 
r*^ndaat  code,  l.e.  the  information  can  be  derived  from  tbs  received  algr^l 
by  ^r  indeperdant  decoders  and  cospared  vlth  each  other.  If  the  four  decoded 
signals  agree  ebsn  the  information  la  taken  as  real.  If  agreosent  ia  not 
cooplete  then  an  attest  ia  side  to  locate  the  source  of  dlsagreeoent  (ususlly 
a  noise  pip>.  If  an  obvious  rource  caano:  be  found  then  the  data  is  diartgarded. 
A  further  aid  to  choosing  the  correct  data  is  «  parity  bit  transnitted  at  the 
end  of  the  last  code  word  which  tells  tbe  absolute  nu^er  of  binary  *^nea'* 
that  vert  fed  to  the  trentnitter.  The  overall  usefulness  of  tbe  systes  is 
enhax»ced  if  a  decoding  and  ecnitoring  systea  is  operated  in  parallel  vlth  ths 
recei.er.  In  this  case,  if  tbe  data  Is  found  to  be  untrustworthy  the  operator 
itapediately  re  interrogates  the  systes  in  hopes  that  tbe  disrupting  source  vas 
randcs  and  will  not  sbev  up  twice  in  succeaslcn. 

The  output  of  tbe  current  aeter  ia  shown  In  Figure  llA.  This  output, 
when  cransultted  received  and  discrlainated,  is  sbown  in  Figure  IIB.  dy  looking 
at  the  expanded  section  of  Figure  I  IB  one  can  ace  vbere  the  quadruple  redundancy 
arises.  If  the  disc*islDsCed  signal  Is  centered  about  zero  at  lodlcstrd,  tbe 
four  decoders  may  operate  aa  follovc: 


-  8  • 

U  ilr.t  d«-5der  (Integritor)  itzcet,  .ignjl,  bftwtea  5  ti-A  1  waits 
lofij  Otj  positive  side  of  sere. 

2)  second  decoder  detects  sifnsU  oetween  I  end  3  units  on 
positive  side, 

3)  tMrd  decoder  detects  sigaels  between  :  end  5  units  on  negstive 

side  sad 

4)  fourth  dscoder  datacu  signal,  batveea  7  aad  9  ualts  long  os 
nsgatlve  side.  Coioeidence  clrculis  art  not  needed  because  Cbe  prograa  is 
ehwscoetrtcally  controlled,  frlntout  of  the  four  separate  word.  (l.e.  locetloo, 
rotor  ceunu.  ccapa.s  «uj  vase)  i.  triggered  by  e  dew.vtcr  which  eperate,  on 

the  negative  tide  and  activ.ced  by  a  tlgaal  between  >’  Kid  19  unite  long.  Ibe 
extra  long  signal  cn  f^  due  tc  the  ipsces  between  words  »a  shown  in  Figure  IIA. 
Each  cede  word  begin,  with  the  least  significant  bit  and  tb,  'space."  are  used 
for  atintou:  to  prevent  crossover  of  words  In  cst*  i  bit  is  oiiied. 

On,  conple'e  Current  nettt  U.  been  b..ilt  and  tested  on  nonoconduetor 
c.bi.  at  s.a  aboard  the  R.v.  CWU,.  leading,  were  tak«,  at  v.r:  «.  depth,  io 
tbe  Culf  scieei  during  Ksreh  1962.  Be  difficuUlte  were  «wount.red  and  13 
«>r.  neter.  are  being  na-ufattuted  for  use  in  a  wring  this  rutueo.  Tte 
readout  sy.ten  described  above  i.  now  being  aase-sbled  and  w,  expect  to  b.v,  tbe 
entir.  sy.ten  operations!  by  i...  ,„a,>rr.  Obviously,  m  tm,  in=o  of  work 
tbsrs  srt  Mny  possible  scutes  ef  trouble  wtieh  cannot  os  foretsc..h  end  thers 
will  likely  be  s  iweber  cf  wdifications  throeihuuc  the  systen  before  it  beccsce 
reliable.  W,  feel  tbe  current  oeter  itself,  because  of  previous  enpetlenee 
With  its  ptlnary  toopooentf  will  be  an  t«vcastngly  useful  tool  with  only 
•ioor 
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0.  S.  Kaval  Station 
Washington  25  D.  c. 

1  Chief  Bureau  of  Yards  and  Docks 

Office  of  Research 
Department  of  the  Kavy 
Waahingren  25,  D.  C. 
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U.  S.  Kavcl  Civil  Ea^Ueerlojf 
Laboratory 
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Attn:  B.  Libernan,  Librarian 
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U.  S.  lUval  Acicesy 
Annapolii.  Jifrylani 

2  Department  of  Meteorology  «ai 

Oceanography 
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-  Cesanding  Officer 
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Biolc-icil  Lcb'^racory 

V.  s.  Fl*ft  and  Wildlife  Service 
WasbinjU'*  25  0.  C. 

I  Labcratcry  Director 
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Berkeley.  Califorola 

I  Head.  Departoeni  of  Oceanography 
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Hunboidt  Star*  CoUege 
Areata  California 

1  Departseat  of  Geodesy  and  Ceouhyslcs 
Casbridge  University 
Cambridge  Esgiard 

I  Applied  Pbysic*  Laborator* 

University  t£  Washington 
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i  Dr,  R  J.  Chriatenien 
Acting  Techttica.  Director 
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Comodlss  Officer  esd  Director 
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Ordaeoce  teecerch  Leboretory 
Penney Ivcnie  Stotc  Dnlverelcy 
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